This study investigated the characteristics (elemental concentrations, size distributions, and dry deposition flux) of aerosol particles in the coastal region of western Taiwan during the dry monsoon (fall and winter) season. Factor analysis results show that resuspended soil dust is a significant source of particles. However, factor analysis is unable to define specific emission sources of noncrustal metals, probably because these metals are mixed by long-distance transportation, regardless of their sources. On average, coarse mode particles (with aerodynamic diameters of larger than 1.0 µm) contribute 66% of the total particle mass. These coarse particles represent 53%, 64%, 62%, and 44% of the mass of elements Al, Ca, Fe, and Ti, respectively.
Introduction
The ever-increasing dispersion of metal elements through the atmosphere, water, and soil is of major concern because such elements endanger human health; initiate possible changes in natural biochemical processes in all ecosystems, and inevitably accumulate in the food chain (Van Malderen et al., 1996; Fang et al., 2000) . The atmosphere is an important environmental medium for the transport and deposition of these substances to terrestrial and aquatic systems (Scudlark et al., 1994; Wu et al., 1994) .
Dry deposition -deposition in the absence of precipitation -is a continuous process and may influence the chemical properties of the surface of the earth. Dry deposition is thought to be similar to wet deposition in chemical impact. The former is accepted to be more important than the latter for chemical species associated with large particles (Wu et al., 1994; Golomb et al., 1997) . Dry deposition theory suggests that the major aerosol removal mechanisms that occur in the atmosphere are strongly related to particle size, atmospheric turbulence, and atmospheric stability (Quinn and Ondov, 1998) .
The metal components of aerosol and the characteristics of their deposition flux have been investigated in many contrasting coastal systems (including for example, the Mediterranean Sea, the North Sea, and the Irish Sea) (Ottley and Harrison, 1999; Chester et al., 2000; Herut et al., 2001 ).
Some studies have estimated the inputs of anthropogenic trace metals into the world's oceans.
For industrialized coastal areas, the atmospheric fluxes of some elements exceed that of their river inputs and dominate the total external inputs (Guieu et al., 1997; Guerzoni et al., 1999 (Parungo et al., 1994; Zhang et al., 2000) . In the past two decades, the population, industrial activity, and motor vehicle usage increased in the Taiwan area by 35%, 300%, and 1200%, respectively. These growths have inevitably exacerbated air pollution in the area. In addition, Taiwan's atmosphere is often influenced by the mixture of air masses from the China and Taiwan's coastal regions. However, aerosol data on the Taiwan Strait are scarce, and, in particular, data on the chemical composition of aerosols are very few.
This work first presents the aerosol concentrations, the size distribution, and metal contents in the western Taiwan coastal region. These data were utilized to estimate metal dry deposition fluxes and identify their sources.
Experiment

Sampling
The prevailing wind in the summer is southerly or southeasterly; in the winter and fall, it is easterly or northeasterly, influenced by monsoons from north China. In the dry monsoon season (fall and winter), sharp leading edge, mounted on a wind vane (Holsen and Noll, 1992; Lee et al., 1995) . The plate used in this study is similar to that used in wind tunnel studies (McCready, 1986 Fourteen metal elements (Al, Ca, Fe, Ti, Pb, Zn, Ni, V, Ba, Mn, Cr, Cu, Cd, and Sr) were analyzed.
Chemical Analysis
Samples were first treated with pressurized digestion .
Polytetrafluoroethylene (PTFE) containers were used in the experiments. All chemicals used were supplied by Merck (pro analysis grade) and high-purity water (resistance > 10 MΩ) produced by reverse osmosis and demineralization, was used.
All stock solutions of the elements of interest (2000 µg/mL) were prepared from Titrisol concentrates Unexposed filters were placed in PTFE containers and the digestion procedures were followed. The background contamination was insignificant for the Teflon filter. (Fang et al., 2000) . Factor analysis of the data sets was performed by the statistical analysis system (SAS, 1997) to categorize these trace metals. The analysis started with the calculation of the eigenvalues of the matrix of correlation coefficients between the variables. The eigenvalues for four factors were larger than 1.0, were retained and the matrix with the loadings was then subjected to VARIMAX rotation. Table 2 presents the results of factor analysis.
Results and Discussions
Identifying Sources of Elements by Factor Analysis
The eigenvalues of these factors (before VARIMAX rotation) are 5.7, 2.9 and 1.2, and these factors explain 25.5, 22.5, and 21.0%, respectively, The second factor has high loadings (larger than 0.7) for Ni, V, and Cr. Ni and V are the indicatory elements of heavy oil combustion Lowenthal, 1984, 1985) . Factor 3 has high loadings for Cu and Pb. Inferences about factor 3, sources of Cu and Pb, cannot easily be drawn from current knowledge on industrial emissions.
Distributions of Total Particle Masses and Sizes of Metal Particles
Total particle mass is tri-modally distributed in size with peaks at 0.18-0.32 µm, 1.0-1.8 µm and 1.8-3.2 µm (Fig. 2) . The particles are divided into fine (< 1 µm) and coarse modes (> 1 µm) in this study. On average, coarse particles constitute 66% of the mass of the samples, indicating that coarse particles dominate the total particle mass. Figure 3 presents the general characteristics of the size spectra for trace metals. Most spectra are bi-modal distributions. For the crustal elements, Al, Ca, Fe, and Ti, significant peaks occur at dp larger than 1.0 µm. The fraction of the coarse aerosol mode, important in determining the fluxes for the deposition velocity of the coarse particles, is greater than that of the fine aerosol modes (Quinn, 1994) .
On average, coarse fraction is 53% for Al, 64% for Ca, 62% for Fe and 44% for Ti. Notably, the crustal In contrast to the elements associated with soil, non-crustal elements are closely associated with fine particles, since their modal diameters in sample size distributions are generally less than 1.0 µm. However, some significant fractions of their masses are associated with the coarse particle mode.
For example, the mass fractions associated with mass median diameters (MMDs) of larger than 1.0 µm are Zn, 47%; Ni, 46%; Pb, 55% and V, 54%.
Notably, individual spectra of size distributions and mass median diameters of these elements often differ significantly in the same sample, suggesting that emitted particles remain suspended as separate particle populations, and that a homogenizing process, such as cloud processing and coagulation, may be less important in determining their size distribution (Quinn and Ondov, 1998) . Figure 4 shows the dry deposition fluxes of total particle mass and trace metals. (Fig. 4) .
Dry Deposition
The dry deposition fluxes of total particle mass and trace metals are calculated by a multistep dry deposition model (Holsen et al., 1993 ) combined with Sehmel-Hodgson's deposition velocity model (Sehmel and Hodgson, 1978 Figure 4 . The measured dry deposition fluxes of total particle mass and trace metals. Unit of total particle mass is in mg m -2 day -1 . (Rojas et al., 1993; Golomb et al., 1997; Sofuoglu et al., 1998; Chester et al., 1999) interval to obtain the modeled flux:
where C i is the concentration for the ith size interval and V i is the dry deposition velocity for the i t h i n t e r v a l . V i i s c a l c u l a t e d u s i n g Sehmel-Hodgson's dry deposition velocity model.
In this study, a particle density of 1.0 g/cm 3 and a plate roughness of 0.001 cm are assumed. The model also requires wind speed and ambient temperature as inputs. Particles with aerodynamic diameter larger than 10 µm were not measured in this study. Although these particles do not dominate the size distribution, their contributions to dry deposition are substantial for their high deposition velocity (Holsen and Noll, 1992; Holsen et al., 1993) . Thus, the concentrations of particulate and metal elements larger than 10 µm were added according to the method used in Sheu et al.'s study in Taiwan, to provide a more precise explanation of dry deposition results. Figure 5 shows the modeled cumulative flux distributions of total particle mass, 
Concentration Distribution of Metals
Concentrations of metals in air may vary over large ranges, but by normalizing them to their crustal concentrations, the concentrations of metal in an aerosol can be compared and assessed (Chester et al., 2000) . This study uses an enrichment factor (EF) that incorporates information pertaining to a reference element, indicative of a specific source, to determine the sources of the elements (crustal and non-crustal). Al is normally used as the crustal indicator element.
The EF crust value is calculated from the following Thus, a dry deposit includes more crustal-originated metal than the parent aerosol, leading to differences in their respective EF crust values. Dry deposition processes, which remove metals from the air, are a function of particle sizes. A fractionation factor (FF) has been used to measure the extent of fractionation, and is determined by the following equation :
where EF p is the enrichment factor of a metal in particle and EF d is the enrichment factor in a dry deposit. Element Pb has FF = 12.1, the highest of all, indicating that Pb is most strongly fractionated between the parent aerosol and dry deposition (Table 3) . 
Conclusions
